4A). However, despite evidence for the presence of these two homologous exons of Ca V 2.2 in the public Subsequently, the membrane potential was voltage clamped to Ϫ60mV and neurons exposed to 2 M capgenome sequence of human, rat, and mouse, all Ca V 2.2 mRNAs analyzed to date contain e37b. No mammalian saicin (Figures 2A and 2B ; n ϭ 128 capsaicin-responsive neurons and n ϭ 141 nonresponsive neurons). Capsaicin Ca V 2.2 mRNA containing e37a has been reported. We designed two sets of exon-specific PCR primers beexerts its effects via activation of the vanilloid receptor (VR1). Consistent with this, we detected VR1 mRNA in cause e37a and e37b are indistinguishable on the basis of size. We analyzed their expression patterns in rat, ini-89% of capsaicin-responsive cells (25 of 28) whereas only 13% of nonresponsive cells contained VR1 mRNA tially at the whole tissue level. As expected, Ca V 2.2e[37b] mRNAs were expressed throughout the central nervous (2 of 15) ( Figures 2C and 2D ). system and in both sympathetic and dorsal root ganglia. In sharp contrast, we found expression of e37a highly Individual DRG Neurons Express Multiple Ca V 2.2 Splice Isoforms restricted and only present at significant levels in dorsal root ganglia ( Figure 4B were close to Ϫ15mV). For this study, we were specifically interested in the N-type current and isolated it from other voltage-activated calcium currents by toxin and perhaps linked to functionally distinct subtypes of subtraction using -conotoxin GVIA (-Ctx GVIA) (Resensory neurons. gan et al., 1991; Scroggs and Fox, 1992b). . Capsaicin-responsive neurons that conues for nonresponsive neurons were: Ϫ16mV Ϯ 2mV tained and lacked exon 37a were not distinguishable and 5.4mV Ϯ 0.6mV, n ϭ 9, compared to Ϫ15mV Ϯ 1mV based on cell size, consistent with them representing a and 5.2mV Ϯ 0.3mV for responsive neurons, n ϭ 20; relatively homogenous population of nociceptors (20 Ϯ Figure 6B ). Our data suggests that capsaicin respon-3 pF, n ϭ 8, and 18 Ϯ 1 pF, n ϭ 8, for e37a containing and siveness is linked to a significantly greater number of lacking, respectively). The presence of the Ca V 2.2e[37a] splice isoform was, however, associated with 1.6-fold functional N-type channels.
N-Type Currents in
larger N-type currents (peak current densities were 122 Ϯ 11 pA/pF, n ϭ 8, in cells containing e37a compared to 76 Ϯ 3 pA/pF, n ϭ 8, in cells lacking e37a; p Ͻ 0.05; Figure 7) . We also compared the basic biophysical properties of the N-type currents. The voltage dependence of N-type channel activation, as well as the kinetics of activation and inactivation, was not significantly different in cells containing and lacking exon 37a, despite their very different current densities ( Figures  7A-7C ). , 1999) . Here, we describe a mechanism for inat the e37a/e37b locus was not analyzed. Our data suggests that a shift in the splicing pattern from e37b-concreasing the activity of the N-type current in a subset of nociceptive neurons that has the potential to increase taining to e37a-containing Ca V 2.2 mRNA could provide a powerful and relatively rapid mechanism, independent the coupling efficiency between depolarization and of gene transcription, for increasing N-type current density in the pain pathway.
Exon 37a Induces Larger N-Type Currents in a Nonneuronal Expression System

Mechanism of Action of Exon 37a
Our experiments in Xenopus oocytes with cloned Ca V 2.2 channels demonstrate a direct link between the presence of exon 37a and significantly larger N-type currents. In this respect, our studies of cloned channels parallel nicely those of native N-type currents in capsaicin-responsive neurons. Although other factors need to be ruled out, such as differences in single-channel conductance, our results are most consistent with the hypothesis that Ca V 2. Our oocyte experiments demonstrate that the mechanisms underling the different N-type current amplitudes induced by splice isoforms are not unique to neurons. Further, the information necessary to mediate these differences is contained in the 14 amino acids that are for 30 s, and 72ЊC for 30 s; followed by a final 7 min extension at 72ЊC. Control amplifications were performed with cDNAs to ensure the primers were specific for e37a and e37b. RT-PCR products Experimental Procedures were run on 3% agarose gels prestained with ethidium bromide and imaged on a digital analysis system (Alpha Innotech). Whole Tissue RT-PCR Total RNA was isolated from various parts of the rat nervous system with Trizol reagent (Invitrogen). 2 g of total RNA from each tissue Cell Isolation Dorsal root ganglia were harvested from all spinal levels of P5-P8 was reverse transcribed with Superscript II (Invitrogen). 10 ng of the first strand cDNA mixture was analyzed using the Advantage 2 rats (Sprague Dawley, Charles River). Ganglia were dissociated in a solution containing supplemented L-15 media with collagenase PCR system (BD Biosciences). PCR products were cloned and sequenced to confirm their molecular identity. RT-PCR primers (20 mg/ml, Sigma) and dispase (96 mg/ml, Sigma). Enzymatic digestion was carried out at 37ЊC for ‫54ف‬ min and cells were triturated for e37a were: rat37a-up, 5ЈGCTGCGTGTTGCCGGATTCATTAT; 
